The Segura River Basin is one of the most arid and regulated zones in the 2 Mediterranean as well as Europe that includes four hydrologic river types, according to 3 their natural flow regime: main stem rivers, stable streams, seasonal streams and 4 temporary streams. The relationships between flow regime and fluvial and riparian 5 habitats were studied at reference and hydrologically-altered sites for each of the four 6 types. Flow regime alteration was assessed using two procedures: 1) an indirect index, 7 derived from variables associated with the main hydrologic pressures in the basin, and 8
presented the greatest alteration, which was supported by the numerous changes in 23 habitat features. These changes were associated with a larger proportion of uniform 24 banktop vegetation as well as reduced riparian native plant richness and mesohabitat 25 density. Both stream types presented consequent reductions in habitat and riparian 26 quality as the degree of alteration increased. However, stable streams, those least 27 impacted in the basin, and temporary streams, which are subject to great hydrologic 28 stress in reference conditions, showed fewer changes in physical habitat due to 29 hydrologic alteration. This study clarifies the relationships between hydrologic regime 30 and physical habitat in Mediterranean basins. The hydrologic and habitat indicators that 31 respond to human pressures and the thresholds that imply relevant changes in habitat 32 and riparian quality presented here will play a fundamental role in the use of holistic 33 frameworks when developing environmental flows on a regional scale. analyzed changes in the riparian habitats. However, no author has delved into the 31 diversity of hydrologic types present, which can be subject to different management 32 strategies and, therefore, flow regime alterations. In this sense, no study undertaken in 33
any Mediterranean area has characterized hydrologic alteration or defined relationships 34 between flow alteration and physical habitat for different hydrologic types at basin 1
scale. 2 3
The aims of this study were to: (1) characterize and quantify the main hydrologic 4 alterations in the different river types of a semiarid Mediterranean basin (Segura River), 5 using an indirect index and two sets of hydrologic indicators, and (2) determine the 6 effects of flow regime alteration on fluvial habitats and riparian conditions for each 7 type. The Segura River Basin is highly suitable for this purpose, as it presents a wide 8 range of natural flow regimes (Belmar et al., 2011) and is also one of the most regulated 9 basins in Europe (Ministerio de Medio Ambiente, 2004), with water demands exceeding 10 224% of that available and only 4% of runoff reaching the river mouth (Zimmer, 2010) . 11
12
Hydrologic alteration was expected to present different patterns and effects for each 13 river type. It was hypothesized that main stems would present the greatest hydrologic 14 alteration due to increasing water demands and dams along their longitudinal axis, and 15 in particular, an inversion in their seasonal pattern and a reduction in their inter-and 16 intra-annual flow variability, as has been observed in other Mediterranean basins. 17
However, tributaries were expected to present specific alterations associated with their 18 individual management, dependent on natural flow regimes and land use configurations. 19
In particular, streams with seasonal flow variations or even temporary regimes located 20 in mid-and lowlands with large crop areas and flood control dams were expected to 21
show a significant reduction both in flow magnitude and variability, as well as the 22 greatest alteration in floods and droughts. 23
24
Such hydrologic alterations were anticipated to cause an overall reduction in fluvial 25
habitat and riparian quality, although distinct effects were also expected in each river 26 type. It was hypothesized that discharging large volumes of water from dams into main 27 stems to address irrigation demands could produce increased channel dimensions, the 28 homogenization of aquatic habitats, predominant turbulent flows and coarse substrates, 29 lessen the diversity of aquatic and native riparian vegetation and increase alien species. 30
At the opposite extreme, flow regulation by dams in more seasonal or even temporary 31 streams should exacerbate droughts and cause a reduction of aquatic habitats and the 32 invasion of riparian vegetation in channels. streams for flood control, but they constitute agricultural reservoirs that distribute water 33 to irrigation channels. Additionally, two large water management infrastructures can be 34 found in the basin. First, the Tagus-Segura inter-basin water transfer, which leads water 1 from the Tagus River to the Talave reservoir (in the Mundo River, the main tributary of 2 the Segura River). The transferred volumes (a mean of 325 hm 3 yr -1 ) are used for 3 irrigation (62%) and human supply through the Mancomunidad de Canales del Taibilla 4 (24%), the entity that manages more than 90% of water for human supply in the basin 5 (CHS, 2007). Second, the Taibilla channel, which is used to conduct the transferred 6 volumes for human supply and additional resources extracted from the Taibilla stream. (Table 1 ). In general, 12 series conducted before the dams' construction were used as "pre-impact" data, whereas 13 the "post-impact" data consisted of the most recent gauged series. However, given their 14 long history of hydrological alteration, the "pre-impact" data for main stems consisted 15 of series preceding the greatest (i.e. most recent) flow regime alteration. 16 
17
The two sets of hydrologic indicators were implemented using specialized software: the 18 means that the frequency has increased from the pre-impact to the post-impact period 4
(maximum: infinity), while a negative value means the opposite (minimum: -1). 5
6
The IAHRIS software computes indicators based on flow magnitude, variability and 7 seasonality: seven for habitual values, eight for flood events and seven for drought 8 events. Alteration is assessed by dividing the altered value by the value corresponding 9 to the natural or reference state. The variation interval is restricted between 0 (the most 10 degraded situation or maximum alteration) and 1 (optimum situation or minimum 11 alteration). Only indicators that complemented the IHA indices were selected (Table  12 2b); in particular, those associated with the intra-annual and inter-annual flow were obtained in main stem rivers and the lowest in stable streams, whereas seasonal 5 and temporary streams presented intermediate values (Table 3) . However, the 6 hydrologic alteration analyses (Electronic Supplementary Material Table 1 ) presented a 7 different alteration gradient, with seasonal streams as the most altered. 8 9
Main stem rivers 10
In the Segura River, the Fuensanta dam caused a reduction of flows throughout the year 11 except in August, when a slight inversion in the natural pattern occurred ( spring and the opposite in summer (Fig. 2b) . There was also a reduction in the 25 magnitude of minimum and base flows and an increase in the number and duration of 26 low pulses, as well as in the rise rate and duration of the high pulses (Electronic 27
Supplementary Material Table 1 ). Floods and droughts presented a poor status, 28 emphasizing the reduction of the minimum daily flows over the year and the coefficient 29 of variation of the maximum ones (Electronic Supplementary Material Table 2 ). 30
Whereas the maximum daily flows decreased, connectivity discharge rose. 31
32
The Tagus-Segura Transfer (1978 -…) in the Mundo River produced a huge increase in 33 flow magnitude and a great modification in the regime downstream from the Talave 34 reservoir (Fig. 2c) . Maximum flows and December and August median flows increased, 1 whereas minimum and base flows decreased (Electronic Supplementary Material Table  2 1). Altered flows presented a higher number of low and high pulses (the latter more 3 long-lasting) and a greater rise rate. Contrary to what was observed in previous cases, 4 the coefficients of variation for habitual flows rose. Floods suffered the highest 5 alteration again, with an important reduction in their coefficient of variation. However, 6 droughts presented a good conservation status, despite the reduction experienced by the 7 minimum daily flows and the increase in their coefficient of variation (Electronic 8 Supplementary Material Table 2 ). Downstream, the Camarillas dam created a similar 9 alteration pattern (Fig. 2d) , with an increase in the August median flow and a reduction 10 in minimum and base flows (Electronic Supplementary Material Table 1 ). High pulses 11 became more durable, yet less frequent. Moreover, whereas the rise rate decreased, the 12 fall rate increased. The lowest overall alteration was that for droughts, which presented 13 a good conservation status despite the reduction in minimum daily flows and increased 14 coefficient of variation (Electronic Supplementary Material Table 2 ). Habitual values 15 and floods presented a moderate conservation status. 16 
17

Stable streams 18
Due to its importance for the human water supply, the Taibilla stream represents the 19 main example of flow regime alteration in stable streams, which are usually unregulated 20 or present only small abstractions. The Taibilla reservoir was constructed in 1979 to 21 derive water for urban use from a pumping station 4 km downstream, which desiccated 22 the river bed and drastically changed the flow regime along the section separating the 23 infrastructures. Water diversion was almost constant throughout the year and produced 24 an increase in median monthly flows and a flattened flow duration curve associated with 25 reduced flow variability (Fig. 2e) . Maximum flows, the number of high pulses and the 26 rise rate decreased, whereas minimum flows, base flows and the fall rate rose 27 (Electronic Supplementary Material Table 1 ). Consequently, floods had the greatest 28 overall alteration ("bad" status), followed by droughts ("poor" status) and habitual 29 values ("moderate" status) (Electronic Supplementary Material Table 2 ). 30
31
Seasonal streams 32
The Argos reservoir created both a significant reduction in monthly flows and an 33 inversion of the natural flow regime downstream from the dam (Fig 2f) . There was a 34 reduction in minimum, maximum and base flows, as well as a large increase in the zero-1 flow duration. A sharp decrease in the high pulse count and a slight increase in the low 2 pulse count (more durable) were also recorded, as well as a decreased rise rate and an 3 increase in the number of reversals (Electronic Supplementary Material Table 1) . 4
Habitual values, droughts and floods reflected a "poor" or "bad" conservation status. 5
Within habitual values, a greater alteration in the inter-annual than in the intra-annual 6 variation was evident. For droughts and floods, magnitude was the most altered aspect, 7 emphasizing the huge increase in the connectivity discharge (Electronic Supplementary 8
Material Table 2 ). 9
10
Temporary streams 11
In the Mula stream, diversion channels link La Cierva reservoir with its associated 12 agricultural areas. Irrigation demands require large water volumes in spring and summer 13 (Fig 2g) , significantly reduce maximum, minimum and base flows and dramatically 14 increase the zero-flow duration (Electronic Supplementary Material Table 1 ). As a 15 result, the droughts presented a "bad" conservation status. The channel remains dry 16 during most of the year downstream (Electronic Supplementary Material Table 2 ). 17 Table 3 ). These habitat characteristics 28 were associated, respectively, with stable flows (headwaters and low order river 29 sections) and variable flows (tributaries in low and arid sectors of the basin). Reference 30 sites were distributed along a gradient from stable streams and main stem rivers, located 31 on the positive extreme, to seasonal and temporary streams, on the negative extreme 32 (Fig. 3) . 33
34
The second axis (12.4% variance) was positively correlated with smooth flow types, 1 uniform or bare banktop vegetation and mesohabitat density, particularly the number of 2 glides and steps, whereas it was negatively related to channel dimensions (water and 3 channel width as well as depth), complex banktop vegetation, broken standing waves, 4 the number of rapids and absence of in-channel debris (Electronic Supplementary 5
Material Table 3 ). Impaired sites belonging to main stem rivers that presented turbulent 6 flow regimes as a result of large flow releases from the biggest dams were located on 7 the negative extreme (Fig. 3) . Therefore, this axis reflected habitat characteristics 8 associated with a gradient in flow magnitude and turbulence, from relatively low and 9 laminar flows (positive extreme) to high and turbulent flows (negative extreme). 10
11
In general, impaired sites were located on the ordination plot to the left and bottom of 12 their respective reference sites. Consequently, the observable effects of hydrologic 13 alteration on habitats were those associated with an increase in flow seasonality or 14 temporality (displacement to the negative part of the first axis) and an increase in 15 magnitude and turbulence associated with large releases from dams (displacement to the 16 negative part of the second axis), which was especially evident for main stem rivers. 17 
18
Under reference conditions there were no significant habitat differences between the 19 main stems and stable streams, on one hand, or between the seasonal and temporary 20 streams, on the other (Table 4a ). However, when comparing reference and altered sites 21 within each type, only main stem rivers and seasonal streams presented significant 22 habitat differences (Table 4b ). According to the Mann-Whitney U test (Table 5, Fig. 4) , 23 altered main stem rivers presented wider channels as well as a lesser proportion of step 24 mesohabitats and submerged macrophytes than their reference reaches. These changes 25
were supported by a reduction in the HQA sub-score for channel vegetation as well as 26 in the RQI sub-index for bank conditions. Seasonal streams presented the greatest 27 number of habitat features with significant changes under altered conditions, 28 emphasizing a significant reduction in the number of mesohabitats (particularly runs, 29 steps, pools and glides) and riparian native plant richness as well as a major proportion 30 of uniform banktop vegetation. The HQA overall score (as well as its flow-type sub-31 score) and the RQI overall value (as well as all its sub-indices) also presented a 32 reduction in altered sites (Table 5, Fig. 4 ). Both main stems and seasonal streams 33 displayed a decreasing linear relationship between the overall degree of hydrologic 34 alteration (indirect index) and the quality scores (RQI and HQA) (Fig. 5) . A hydrologic 1 alteration equal to six (the minimum value detected in altered sites) constituted the 2 threshold between "very good" and "good" riparian quality (RQI) for main stems and 3 between "good" and "moderate" for seasonal streams (Fig. 5) . However, in-stream 4 habitat quality (HQA) was "moderate" at this degree of alteration in main stems and 5 changed from "moderate" to "poor" in seasonal streams (Fig. 5) . 6 7 Despite the overall lack of differences between the habitats in reference and altered sites 8 within stable and temporary streams, significant reductions in specific features such as 9 riparian quality (bank conditions and transversal connectivity), for the former, and the 10 presence of submerged fine-leaved macrophytes, for the latter, were also detected 11 (Table 5) . 12 Boix, D., García-Berthou, E., Gascón, S., Benejam, L., Tornes, E., Sala, J., Benito, J., 27 Munné, A., Sola, C., Sabater, S., 2010. Garófano-Gómez, V., Martínez-Capel, F., Bertoldi, W., Gurnell, A., Estornell, J., 10 Segura-Beltrán, F., 2012. Six decades of changes in the riparian corridor of a 11
Mediterranean river: a synthetic analysis based on historical data sources. 
. A positive value means that the frequency has increased from the pre-impact to the post-impact period (maximum: infinity), whereas a negative value means the opposite (minimum: -1). Blank cells indicate indetermination.
Hydrologic type
River 2.00 -1.00 1.86 -0.86 -1.00 2.10 -0.88 -1.00 August median flow -0.54 0.52 -0.09 0.11 -0.09 -0.02 -0.79 -1.00 1.79 -0.88 -1.00 2.11 -1.00 -0.65 1.65 1.29 -0.29 -1.00 -1.00 -1.00 2.25 7-day maximum flow 2.20 -1.00 -1.00 -0.15 1.15 -1.00 -1.00 -0.79 1.79 -1.00 -1.00 2.22 2.00 -1.00 -1.00 1.86 -0.86 -1.00 1.48 -0.50 -0.85 7-day minimum flow 2.43 -0.67 -1.00 2.00 -1.00 -1.00 1.14 -0.46 -0.68 1.65 -0.72 -0.77 -1.00 -1.00 2.00 2.00 -1.00 -1.00 1.63 -0.75 -0.69 Base flow 0.83 -0.62 -0.09 2.00 -1.00 -1.00 2.00 -1.00 -1.00 2.22 -1.00 -1.00 -1.00 -1.00 2.00 2.00 -1.00 -1.00 1.63 -0.50 -1. Table 3 Correlation between the RHS variables derived ("New variable") or the RHS original attributes and the two first Principal Coordinates/PCoA axes ("PCo1" and "PCo2"). Units: "/1", parts per unit; "m", meters; "Count", number of features; "SQ", semi-quantitative value ("none", "present", "extensive"); "P/A", presence/absence value. 
